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The assessment of residual myocardial viability in infarcted areas
is relevant for subsequent management and prognosis but requires
expeesive technology. To evaluate the possibility that simple,
easily obtainable clinical markers may detect the presence of
within-Infarct viable tissue, the significance of exercise-induced ST
elevation occurring in leads exploring the area of a recent Q wave
myocardial Infarction was assessed .
Twenty-five patients with recent (<6 months) myocardial
infarction were studied . All had angiographically documented
coreaary artery disease, diagnostic Q waves (n = m) or negative
T waves (a = 23) on the rest 12-lead electrocardiogram and
exhibited during exercise aC5 mm ST segment elevation (n = 17)
Identification of residual tissue viability after myocardial
infarction has always been a major clinical problem and it
has become particularly relevant in the post-thrombolytic
era. Although several angiographic and nuclear techniques
have been proposed to detect reversible myocardial damage,
all suffer from the severe limitation of being complex,
expensive and unavailable to most clinical centers
(1-4). The
need to identify diagnostic tools applicable on a large clinical
scale prompted us to investigate the possibility that viable
and potentially salvageable myocardium can be identified by
simple electrocardiographic (ECG) variables obtainable dur-
ing exercise testing .
Specifically, in a group of patients with recent myocardial
infarction, we assessed the significance of transient ST
segment elevation and T wave pseudonormalization that
involve infarct-related ECG leads
. To this end, the occur-
rence of ST segment changes resembling those that occur
during ischemia was correlated with the presence or absence
of exercise-induced reversible underperfusion evidenced by
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or isolated T wave pseadonormaliaation (n = fi) in the infarct-
related leads .
ST-T wave changes were reproduced in all palliates during
thallium-201 exercise myocardial scintigraphy . A fixed peAYslon
defect was observed in 24 of the 25 patients
.
A reversible defect
was seen in 16194%) of 17 patients who exhibited transient ST
elevation during exercise but in only 4 (50%) of then patients who
had only T wave pseudoaormalization.
In conclusion, is patients with recent myocardial infarction,
analysis of simple ST segment variables obtained during exercise
testing may allow a first-line dtsc-imtaation of these who may
potentially benefit from a revaxealariWion procedure .
U Am Coil Cwdlal1992;19r94g-02)
thallium-201 myocardial scintigraphy and involving the ne-
eralic or per(necrotic myocardium,
Methods
Study patients frable 1) . We studied 25
consecutive
patients with recent (<6 months) myocardial infarction (21
men, 4 women; mean age 54 ± S years) who, an exercise
testing, exhibited ST segment elevation (a0 .1 mV at the I
point and 80 ms after) or normalization of inverted T waves
in the infarctrelated leads, or both . Although two of these
patients also showed diagnostic ST segment depression in
noninfarct-related leads, those with isolated ST segment
depression outside the infarct regionwere not included
in the
study . The diagnosis of a previous myocardial infarction was
based on hospita records, serial electrocardiographic (ECG)
recordings and serum enzyme determinations and was can-
firmed by the echocardiographic and angiogtaphic finding of
wall motion abnormalities in the region explored by the ECG
leads exhibiting abnormal Q waves
. The clinical character-
istics of the study patients are presented in Table I. Func-
tional status was assessed in all as class I or 11 (New York
Heart Association criteria)
. Eight patients with ST segment
elevation and two with T wave pseudonormalization had
postmyocardial infarction effort angina that was assessed in
all as class 11 (Canadian Cardiovascular Society criteria) .
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Table 1. Angiographic, Eleceocardiographic (ECG) and Myocardial Perfusion Dar . Iu S Potir.4s
The
protocol
was approved
by
the
institutional Ethics
Committee on Human Research and each patient gave
informed written consent to the study .
Exerche streas test and myscardiul plrfusian scintigr iphy .
Patients performed a maximal, symptom-limited exercise
stress test (modified Bruce protocol) in the fasting state in
the morning after antianginal therapy had been withdrawn
for I week (only sublingual nitrates were allowed for reliev-
ing symptoms) . The 12-lead ECG and blood pressure (by cud'
sphygmomanometer) were recorded during the control pe-
riod and at I min intervals during exercise and recovery . The
level of the ST segment was also continuously calculated in
the 12 leads after signal averaging by a computer-assisted
system (Case 12, Marquette) . Exercise was discontinued for
the occurrence of any of the following: achievement of the
maximal predicted heart rate, severe angina, complex Yen .
tricular arrhythmia, hypotension, physical exhaustion and
>-3-mm ST depression in noninfarct-related leads. ST seg-
ment elevation and T wave normalization in infarct-related
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leads were not considered,
in themselves, a reason for
exercise termination,
Thallium-20t (74 MBq) was injected intravenously when
exercise test end points were attained, and exercise was
discontinued I min later . Plmlarimnges were obtained in the
anterior and 450 and 70° left anterior oblique views immedi-
ately after exercise termination and
4 h
later. A small field of
view gamma camera (General Electric Star-Cam) equipped
with a low energy, general purpose collimator was used .
Scintigrams were evaluated independently by two experi-
enced observers unaware of the clinical findings and of the
results of exercise testing. Disagreement was resolved by
consensus . The total whole body radiation exposure, exclud.
ing routine cardiac catheterization, was approximately 0.5
Did (5 mGy).
Cardiac catteterization
. Selective coronary angioeraphy
and left ventriculography were performed with the Judkins
technique . Left ventriculography was performed in the 30°
right anterior oblique and 60° left anterior oblique views
. On
Cew rc.y Anaiography I% DR) Exwcic,SrrsTes. Perfiio.,Scinriprap6y
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the basis of American Heart Association recommendations
(5), the left vcntricuter silhouette was divided Into seven
segments and regional wall motion was scored in each as
fellows
: grade 0= normal, grade I = hypokinesia, grade 2 =
akinesia, grade 3 - dyskinesia . A global left ventricular
dysfunction score was then obtained by adding single seg-
ment scores .
The left and right coronary arteries were imaged in
multiple views . A lesion was considered significant when it
reduced coronary diameter by The extent of retro-
grade collateral opacificatian of occluded vessels was also
assessed and graded according to the classification of Cohen
and Rentrop (6). The whole series of tests was performed
within 510 days.
Statistics, In the text, tables and figures values are ex-
pressed as mean values ± SD. Significance of continuous
variables was evaluated by a two-tailed Student 1 test,
Parametric variables were compared by the chi-square test,
Results
Clinical characteristics. Seventeen patients had exercise .
induced ST segment elevation (mean = 81) 1 .6 ± 0.3 mV
[range 1.2 to 2 .3]) in two or mare infarct-related leads, and
constituted group 1 (15 men, 2 women; mean age 55 t 8
years); 15 of these also exhibited normalization of inverted
orflat T waves in the same leads. Eight patients had isolated
T wave "pseudonormalization" and constituted group 2 (six
men ; mean age 53 ± 8 years).
Among the 17 patients in group 1, 13 (76%) had an
anterior and 4 (24%) an inferior myocardial infarction . Of
group 2 patients, five (62%) had an anterior and three (38%)
an inferior myocardial infarction . The time interval from
infarction to enrollment was 67 ± 62 days (range 15 to [80)
in group I and 94 ± 74 days (range 16 to 174) in group 2 (p -
NS)
. Five patients in group I and two patients in group2 had
undergone intravenous thrombolytic therapy (<4 h from the
onset of pain) .
Coronary angiogeaphy and left ventrlculography(Table1)
.
In group I and group 2, left ventricular function was not
significantly different (ejection fraction 52
-
3 vs. 50 ± 4,
p = NS(
. Regional dysfunction score was 3.3 t 1.7 in group
I and 3 .6 ± 2 in group 2 (p = NS)
. No patient had a true
aneurysm, defined as segmental localized systolic expansion
of the left ventricular wall (7).
Among group I patients, 3 had theee-vessel, II had
two-vessel and 3 had one-vessel disease, Two group 2
patients had three-vessel, three had two-vessel and three had
one-vessel disease
. Total occlusion of the infarct-related
artery was present in seven patients in group I and in all but
one patient, collateral filling of the distal vessel was evident
(grade 3 in five patients, grade 2 in one patient) . In the
remaining 10 patients the artery supplying the infarcted area
was patent though severely srenotie
Among the eight patients in group 2, three had complete
obstruction of the infarct-related artery
; collateral flow
V1
Vu
V3
REST EXERCISE
II Ii
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Figure l. Patient 9 . Electrocardiogram (leads V„ V ; V) recorded
at rest and during exercise and recovery . ST segment elevation and
T wave "pseudonormalization" are observed during exercise .
(grade 2) was angiographically evident in two patients . Of
the remaining five patients, four had severe stenosis of the
infarct-related artery and one had only nonsignificant dis-
ease .
Exercise stress test. Exercise was terminated because of
fatigue in all patients in group 2 and in 12 patients in group 1 ;
it was terminated because of angina in 5 patients, all in group
1 . Exercise duration was 594 ± 229 s in group I and 684 ±
276 s in group 2 (p = NS). At peak exercise, the mte-
pressure product was 20,677 ± 5,643 beats mm Hgfmin in
group I and 23,893 ± 3,462 beats mm Hg/min in group 2
(p = NS) .
hlyoeardini rfuslon sclntigraphy. A "fixed" perfusion
defect, co in,i .tent with the site of the previous infarct, was
seen in all except one patient in group 2 who had had a
"non.Q wave" myocardial infarction . A reversible pertltsion
defect occurred in 16 patients (94%) of group I but in only 4
(50%) of group 2 (p < 0
.001) . In group I, a transient
perfusion abnormality involved the perinecrotic myocar-
dium in one patient, the partially infarcted area in eight
patients and both the necrotic and the perinecro[ic region in
the remaining seven . In group 2, a transient perfusion defect
was observed within the infarcted area in two patients and in
the perinecrotic region in the remaining two. Individual
patient data are presented in Table l
; representative exam-
ples of EM and myocardial perfusion data are shown in
Figures 1 and 2 .
Discussion
ST elevation and transient ischemia. ST segment eleva-
tion and T wave pseudonormalization are often seen during
exercise tessing in ECG leads exploring an infarcted area .
However, from a diagnosiic viewpoint, these changes are
usually disregarded because they are generally assumed to
be caused by bulging of the necrotic area (8-10) rather than
MACC 9e1 . 19 . No. 5
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Figure 2. Patient 9. Myocardial
perfusion scintigraphy at peak
stress (top) and after recovery
"em) in the 45' left anterior
oblique (LAO) (felt), 711° left an-
teror oblique (renter) and anre-
riot (ANT) (right) views . A par-
tially reversible defect involving
the septum and anterior wail is
evident . f)L - delayed ; ST =
stress .
induced by transient ischemia arising from perinecrotic,
potentially salvageable myocardium .
In our patients, the presence of transient ST segment
elevation in infarct-related ECG leads was almost invariably
(94%) associated with a reversible perfusion defect on myo-
cordial perfusion scintigraphy, This observation suggests
that, at least in patients with recent myocardial infarction,
this ECG sign is a result of transient myocardial ischemia
that occurs in the Context of partially necrotic myocardium .
Comparison with previous studies. The 50% incidence
rate of transient, exercise-induced perfusion defects associ-
ated with isolated T wave -pseudonomaliration" is in
keeping with the results of Maria et a). (11 1, However, our
results are at variance with those obtained by Dunn et al,
(12) and by fahiri et al
.
(13), who found reversible ischemia
on thallium-201 scans
in 52% and 36%, respectively, of
patients with exercise-induced ST segment elevation in
infarct-related leads.
There are several explanations for the discrepancy be-
tween our results and those of these investigators . In the
study by Dunn et al . (12), antianginal treatment was not
withdrawn before the exercise test despite the well known
interference of all aniiischemic agents, particularly beta-
adrenergic blocking agents, with myocardial blood flow
distribution and thallium uptake (14). In the series of Lahiri
et al. (13) nearly all patients had total occlusion of the
infarct-related coronary artery with no collateral flow .
whereas 95% of our subjects with exercise-induced ST
elevation had either a patent vessel or angiographically
visible collateral flow to the infarcted area
.
Finally, and probably most important, in all our patients
the interval between myocardial infarction and the exercise
test was short, because the specific aim of the study was to
MARGONATO ET AL.
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assess the ability of the exercise ECG to identify residual
tissue viability in the early postinfarction period. No patients
had angiographic evidence of a "true' ventricular aneu-
rysm, but results clearly could have been different if patients
with an older and more fibrotic infarct had been studied .
A recent study (15) based on positron emission tomogra-
phy has shown that persistence of metabolically active tissue
is relatively frequent in the first few months after myocardial
infarction and that the presence of viable myocardium de-
creases thereafter
. Because all of our group I patients had
had an infarct G6 months before the study and bad either a
patent infarct-related vessel or collateral vessels, their like-
lihood of retaining sizable amounts of viable, potentially
ischemic myocardium would appear to be rather high .
Prognostic sig tificawe. Previous studies (16) have asso-
ciated persistent ST elevation when present both at rest and
during exercise with an unfavorable prognosis. This is not
surprising lecausc persistent rest ST elevation after
intone-
don is observed in the presence of a larger infarct ar
ventricular aneurysm, or both (17). However, none of our
patients had a ventricular aneurysm an angiagaphy .
Whether revascularizatiow can improve prognosis in this
subset of patients has to be established .
Conclusions. In the early p ostinfarctiou period, and es-
pecially after thrombolysis, detection of residual viability is
important for subsequent patient management, particularly
for establishing the need for a revascularization procedure
.
Our results suggest that, at least in patients with recent
myocardial infarction, analysis of simple, easily obtainable
ST segment variables may be useful to allow a first-line
discrimination of patients potentially benefiting from a re-
vascularization procedure . Further studies in larger patient
series are warranted
.
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